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5 0 rftfcU: '5 . 3S« 1 1 AOfllfB 1 I a c^Tlra^± 

13aW 1 4 A#?gJ#£n 
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StTieSS 1 t0^9H*»<73±^ffi^tofcoT I n fl G a 
N (jit, xl-iO^x^ 1 fci~£ 0 ) J;[9*5»2 

^^#f*Ji Srrii* £-tt£ fc \c£ *9 , fufasK^mjfefi 

fc Sr#« tt6 ^3tfr60Kig*So 10 
[f**il2] £«_tM, _b!fi^ia*B5S:*-f-5III Kft 
<ffc«j J: 9 6 SI l (V^mfcM SrflM-T 5 IS fc , 

RUf5H 1 tD^«fls:jBOJi{c:±je^tofcoT I n, G a 

N GI.U x (io ^ x ^ 1 tir% a ) £ 1 0te%m2 
(O^mt^m SrfiS;* - fc t-J: , nfiiem l 

iti^ ^ fc frfl#»i:-f-S*#fls:<z?tSi3ft*rjfe 0 

^SrJK/Si-SlSfc, 20 

SfrfBSffi X jo s ffrf a x 9 9 — is <d flu is ffl p SB 
Si:, 

BfTlEJS 1 CD^ttfrjf £D±tC I n 5 Ga,-, N ({Ji U x 

Ii0^x<lit5 0 ) J: !9*5ftf2©^»fls:JBSrj** 
£it5c fcM £ 9 H SfrlB*«(7>±^*3(tSH5IE^^^^ 
^ — v^fulS^P^^MIB^ 1 tf^SJffJlXT/K 2 co^ 
«fc 19 *S*JBfr*»W»i-JB/S-t-SXSi: Sr«^L 

r^5ii sr«p« fc f 5 *»*osa*a a 

[»#*S-4] itfria-^*^* — Kft;^y=>x so 

ttigftv-y 9fc5;ifc£#«fc + 5M*:«3fctB 

fl£0t ti\ H-&?K4ft-C fc 5 r. fc 4:«M» fc 1" 3 

tot piK- '<> b&wfi&isfttisibm mmm% 

J&-B: £ it £ d fc J: 19 > B(rlE*K^ftfrlEiaSi5^1Iffi^± 
^61g^liTV^:t Sr#» fc f 5 ^3*f*w IMS 40 

fk«3 £ 9 fc £ ^#flsJi Sr^-T 6 XS fc , 

mm L fc # I II mmt^i £ it 5^^^;^ flu 

fa^»fr«^«fiBia*B5coiiffi(7D jitcwriaiii J; 

5 *SA4*tOpffl^*fls:JiS:dE*SiJ:Sxei: Sr«^T 
^ 5 C fc Sr4£» fc i"5 ¥*#<o»i£:frjfc 0 
[ If * JB 8 ] Sfi± M P ffi £ <5 IKttft ffl © ^ 

— Is irj&f&i- 6 IS fc s 50 
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striaKtRo.±*c*3 tt 5 stria^ x ^ ^ ^ — xomzmn a$ 

P M K-/^ b ^Wl^^ (bill «»b*S:»W 
0*Hcj^£ii-5 r t tcJ: 9 N fllfiaKte<oJL*cjattSHuE 
--^ ^coffifEBI R g|5[c:mj?Elil mmt^J X ^ <c 

5 p M^ffJl ^ 6 li t ^rffl & T V > 

[St *ii 1 0 ] mm p ^^Wi ©saa^iit 

iRKOWrffi^tttt, *flg*fcX(i-&?K4feT?*) 5 r fc fc 
[|f>J^I l 1 ] Jtffi^aS|5S:^ri-SSSte:j3tt5fflflE 
St, 

HtrsE*l*«®^7y KJi^±ld I n s Ga,-, N (fi 
L. xtt0^x^lfci"S a ) J:l9/«CSfgtt*SrfiS;ftS 
it6XSfc, 

i^lfeti^: fc ^#mfci-5#^^B^^^ 
Iff >}<m 1 2 ] mrta^ 2 p S"Cfc D , 

III litti'^^pl^y^^ h«*?gjai-SXS 
Sr * tfxt d fc £r*f»fci-5!ff#JS 1 1 I^IE* 

mm x d & & ^mptm sr jg^i- s x@ fc v 

KH^iS^^-ltSXafc, 

#rlB* 1 iSti^ V y KgcoXM I n, G a , N ({£. 
L, xfiO^x^l fci"S„ ) J:«9*5StfeHS:ricftS 
it£XSfc, 

mmffii±m<DAz\cm 2mmw.# ? y Ka^^s^itax 
s fc ^« x. x ^ 5 r. fc ^ w« fc 1- h fcmm <om&ft 

«flBJB2»SS^7s/ KUcdXImI, plF^yl^i 
fi^L^^^III R»btt*J*ft Sf«: fci-£ t) > fffS 

in mmtm kvftzpm^is?? hm & is 

£ £ £> A.T I ^ c fc fc -T 5 ffi*Jfi 1 3 ^fEJft 

Jf^-tt^Xgfc N 

ffjflE^ 1 *«M =1 > ^ ^ h Jl coXtc M p ffi S: fl-T 5 iltR 
fiicSil © * ^ / ^ ^ - >- 5 IS fc , 

ffltsm 1 mmm = > ^ ^ h ■©its tt a ttriE^ * ^ 



( 3 ) 

3 

lifjffilg 1 =7 y YM<0±l\C I ri 5 G a i - 3 N ({0 

s ^ 5 xs £ x. t i ^ r t & t -t & -\mw-mw 

6] HuflE^*^*->&!?^y h^y^" 
£ hJB«r»ttI£ii:5XgS:$ bUHi;LT^5r t 

[it >km i 7 ] mmm 2 mmMa P sh?s> g . 

fflflBSS 2 mWM? ? y Kii^±(C p m K-^> h Srflfc 

iSLft^m mmikfo&is.&Z'&z^bici:*), mm 

III itftftiOWpi^y^^ hl^Mt^Xg 

mm 1 1- 5 it jjtxi 1 5 ^i&tt 

*JB CD * ^ ^ * - > *:?Krici- S XS t , 

# y a t mm t &trt?^mt$m & v flufsig 1 cosgfc: 

# JJ £ 'A £: £ £ 1§T£p!£ 2 o^gfrg * , fitrfl5» 1 go 

it 5 atria-* * * ^ * — > wtfrEBH p BflXtf 30 
raw pa5^>jaa*a5(c:xt^5 i 5 (c^fi^-^^, r t \c x 
<o , mmm 1 ^mm±^mmm 2 o^mttm £ *> * 

[0 0 0 1 ] 

*"C^aSftfflW«^?S3t* J f L ^fflV>-5A I I n G a N^O 
III -V]»ffc^4*¥*f*\ Km -vjsfk^*^** 

[ 0 0 0 2 ] 

*^<DjR*«tt-e«iffprteft»b:^y 9^ (GaN) 3% 
com ~v^{k^^f*^^^W^P^^^^^ 

(InGaN) J; 9 »]& * ft 5 © 
IftW-Cfc 9 , ^ CO I n G a Nil <DiKf&&'J?tj: < L 50 
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[0 0 0 3 ] i^Ts ffi3R<^ I n G a N J; <0 ft 5¥*jjflE<£> 

[0 0 0 4] mM<V InGaNiDftS ^*frCOJEj8:** 
ffitt, 0"!lx.rt, #BB¥6 - 2 0 9 1 2 

InGaN A < W 5 I- fi , fiKa ^ff ^* 

[0 0 0 5] It I n G a NSfef <T> I n (nft&f&Mm 
^m-T^MlO^X^, TApplied Physi 
cs Letters, Vol. 68 (1996) p 
p. 3 1 4 7 — 3 1 4 9 J ifithZu ^<T>WMZ- t , 
I n G a NCO 5 I n<D«jiSiS:ifl«)S^tt % itllS 

[0 0 0 6] InGaNJl^Sffittltt 
L, I n^ffl^^SVHCftftSltikOGaN^aS*:*^ 
[COVNTJt«lftfhfLfc»2©I»S:i: Lt r J a p a n e 
sejournal of Applied Phys 
ics, Vol. 34 (1995) pp. L 7 9 7-L 
7 9 9J 3)S*5o rWf^tCj;^^, In, Ga,-.N 

(f0L. x(l0<x<l^'r^ Q ) J: 9 ft5«1«l£Jl£> I 
n £7^fflj$.J± x ^ (Cig-;;D S f^J x. , I n OlJljSJ* 
x^0. 2 ^S'&^W-fe^fg**^ ^ , In <Dm.J&VC x 

~f is W-fe co^ 3fe & -P ^ tb-< r « 3t , fe*6S2ltflW* 

[ 0 0 0 7 ] r^ri, EJLTW3S*-Csftffi*tLTl'^S 0 1" 
SttJB^ifi*:&3i*^3S*.1"5 <t 5 ^ft5 D 
[ 0 0 0 s ] 

mRV'm 1 I n G a N J; <9 ft^^f*^ I 

n £?^»J* 0>ftO W^ffitC o V n X «SE* * U ^ t ^ CO s 

ft-fe^t^ftfe^t^^s^*^^^ 5 1 n^ais/j^^^ 

m&<n I n G a N^i§j0^m^Wit\^\y^X\tPM^^-^X 
^ft I n G a Ng,|^}#^l/^l/^il COffilH35 s fe 

6c ft^\ ftfjis^^2^frfi5:^E«-^J;-5^> fltftaff 
# < E.ojBft1*J-«nfc I ii G a N3BS*#5 r t f^ffi 



[0 0 0 9] ^7t, GaNltfMpIICF-T'ta 

t->^a (M g ) *^*#dE*«Fjc:ifipJ^fitj|!&i-Si, 
5JB2^ra«dSfcS 0 

[0 0 10] GaN^¥8MMe:ti\ G a N J: 19 ft 

5&Kri s #^ELft^;fc:ftv lfct7 7^r (Al 2 O 

[0 0 11] Mil I n«0*&jaSr*£ < Lttjgffi 
tt^«*xfc I n G a N^p B 0 4r#^n5 «t 5 r £ & 

*1 <£>SW£ U G a N»^3H*SrpSfti-SI»^pS 

2 cogjft^ U G a N»¥*ffc&fflV^¥#frS£«<©« 

[0012] 

t ii & mtk-r ^ fc * <n ^ ] mi^sb i <o 

Sr*ri-5Kffi^Ji«^!S^*3fco-C, III 8s*fM*iJ;g 
ft 5 » 1 GO^SjEfMI SrJ*« £ 5 Xg t , gl <D*MI# 
■ W-ht^EfcfctfcoT I n, G a , - s N ({§. U x 
0^x^l<^1-^ Q RT, PHSt-^So ) J: 5 ft 6^2 

cojrtc^ l (/^^Ji^t/fjl 2 (D^SftlJ: '0 ft 

[0013] ii v^mfcom&jrmc zzt. i n g 

a N J: 9 ft 2 o^WttJl£Xffi<a±ffil£»:tt ^n*: 

affirms jtuij&ft $ ^ s /c ft, iK(aifBcofflijffi^iPi<©-vt- 

ffi£r 5 o /i m J: t) fc/h £ < 1-5 £ , Tgffi_b^jS;ft+S . 

S K fl , pg^ 2 co #9tft:Jf {c I n W^-rfS Jfr & * -5 r 

SIJcjeH^S)S*7) s --tt*rR]^©^^fl§-t-5 J; p (-ft 

ffi^fibftt^I nJS^SiJi«pwlgBB±^teikL-C< 6 
fcft, Rllffij;tcja*f -5»2-<75^»fls:JB<73 I n cO&J* 
< ft6 0 

[0 0 14] *|§Pj{^5^2 0^2»*0M3t*'Sfl, 

mmmz ftaig i fio^*flE«sr»ja;-rsxs 

^ 1 (O^WtWM<D±.\Z^m\Z.t>ti^X I n, G a 

, - , N J; { 9 ft 5 » 2 co ¥S*g J; 



xt/» 2 (D^mi^m £ ft sa^^ift^Mts x 
[ o o i s ] m 2 <D^m{$<Dm&jjfcfc x&t, i n g 

aNi^j ft 2 <D*Mf*JBS\ » 1 £D^#ftl^±i 

ffl!JB;frfp]<oM'ffi£ 5 o ix m J: ^ ^/J^ S < , "JIdO± 

*>iaSBwffiyffi^rifc*Lftv> i njf:^dii^0TiraJii-±iA 

I n(/)a^*# < ftS« 

[0 0 16] «PJCi§S3 w^iffollMfi, 

ffl ^ * ? # - ^ zmtiL-t % xs t , mm <o±\c 

teU-z^? — >(50|iangj5(cill mMit'WJ^. ft 5 
^1 ^aifrJlSrfiRft^^rSXSi:, ^ 1 ^^f^gco 
20 l(:in s Ga,-, NJ:0ftS»2O^fls:«S:ia:** 

pSBtcis 1 <r>^mwmmi% 2 ©^aejb j: 5 ft zmm 

[0 0 17] *3CQ^ajEf*:W»3fi*-ife^J:5^, III ^ 

WflsB ^MCKt6 0 ^COft, I n G a N J: ^ ft 
2 CD^flcHSrajg^co^ 1 co^f$:S(DlIM±^ 
iSlR W £-«ft £ i± S fc ft , ^ ^ ^ * — > co p H 4: 5 
30 0 u m J: ^9 b /h S < 1" S £ , » 1 CO ^f*JS coHS± 
fiKfti-S*2^*ft:H^(L ^2co^2»f$;jl{c I n 

^■f^ffl-TSJ: 5^ft-5o M±^^ti5 I n 

^>-T-co 5 fefl»4fcG># 1 co ^#f*@ omm (c^S L ft ^ 

I n W^&&Mft<Dmi cO^»@tO]IiSJitCitefficL-C 
<^/^ft, KXS®±tCfiSS-t"5lS2(0^*:ft:JitDI nco 
fflfiKdS^g: < ft^) 0 

[0 0 18] »3K)^#fls:(^S45t^fe^*3V^-C, -'7^J 

40 ^£P£bl\ 

[0 0 19] *l--«3^^a9ft:0»3g*fe^*3^T, 

«Jlf*CO^ffi{-Mft^7[^0W^ 

[ 0 0 2 0 ] *35W^«5»4 O^*fls:co»ig*«fett % 
Mia» 2 c?3 il «j & La _b B fi^ Sr 6 Kffi co _L 
(-^jli(c;b/coT, pi K— /<v h S:fltjjeLft/jS till 

-bfrcill KSftftiJ: <9ft5fttt^pffi^a|cft:HS:jg:fiS 

50 [ 0 0 2 1 ] »4cO^*f*:co»ig*-fetCj:St, III S 
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m. { fc» & _bi5 K & Ml & SB coif® _h djS* * 
^&7tft, BEi£bSBrofflJS* , [Sl(^-+i5fe4: 5 0 ju mJ; 9 Vh 

* < 1-5 <b , mm±\mm£n% P s k-^v n <o 5 

coTMii±t-ffia lt < 5 /eft, mmm±^M5m^f&Mi- 
5 p gf^wflsjicD piK-^y h<Dmm&±% < fts, 

[ 0 0 2 2] $^^#5f5 W^»(*:(?5»3g*fett, 

s 1 11 mmtm x. <o ft 5 srjgdi-t- ^is^ ¥ 

ft fibril K»b»*fiasS-ti:5Ci:(iiJ:*?, *NW*JB 
GOi£hlftco]Iffico±(£lll mmb*%) X 5 ft 5 fei^co P 

[0 0 2 3 ] $5 ^¥*#0>SHI*Jfet- J: 5 £ , III K 

± m awes (^figg $ ^ 5 ft , he asB^.ffliffi*[Ri <D^m 

§r 5 0 ju m J: «9 <t5t, SffiJtt^-Wit&Sns p 

SSL K-^>- 5 [£b^^OflJiM(-^^X t 9iA^nftV^p^ 

fti6S*# < ft<S D 

[0 0 2 4] *3&§l3fc:fll5» 6 W^ft^JSjftfrjfett:,, 
tu Km' 2 co g « ^ »j£ L , Sffi-h *c M p Sis Sr*-f £ 5»R 
J§8* JB * ^ < * — >- Srflgjai- 5 IS i > S«co_b (c 

^bft^bin K»bft*38iR«i^*S^-5n ttcj: 

I mmt¥/J^ n ft 3 pS^*fl£«*38«te(cifiS;ft*-ti:S 

[0 0 2 5] Iff 6 CO¥»ft<a»iftfrffi:l- J:5h III 1M 30 
g{ S: ^ ^ ^ ^ * — > f§u p U l£»#lfi*J f-jS* £ i± § 
£ ic J; «9 x £ffi_h{c p ^^ftrB^di^tc^fia-r 

> h £>.jftftj5*:*:£ < ftS. 
[ 0 0 2 6 ] a5 6CO^*flECOjJifi*jfelC*3l^T % 

[ 0 0 2 7 ] »4—*6.C0^a»flE(Z)Ka£* , &t-*3V , »T, 

p M ^ iff f$jp 00 ffi (c il be ft # |p] go Wffi^tK 2$ 
[0 0 2 8 ] «P^(c#5f l (7^^a»frKflt©»at*Sfe 

* -ti: 5 IS , mi mWM'S =7 y KJ1^±(^ I n s G a 

, - , N J; 5 ft 5 iStt» ^-i^S $ ii" 5 IS t , ^ttJi o± 
{C|g2^1i^^ 7 ^ KI*fiSft*^5lSi ^itx.T^ 50 
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[ 0 0 2 9] mi ©^»ffK11^«3t*ft{c J: «, t , I 
5^i4<In<0iBfiif*:t<-e#5 o $b(-, Sffi± 

[0 0 3 0] *«Wt-ffi5JB 2 ^)^#».SE©1^^?£- 
(i, Sfi±^, ±ffi(c:fii«BS:^r-r-5IIl ^^t#JJ:^ft 

11^ =7 V )-m<D±[C I n, G a , , N «£ »5 ^SSttJl 

[ 0 0 3 1 ] 12 co^at^SSK^lSiiS^ftl- i S , I 

n G a N J: ^ ft 5f^ttil^*:^^^^ 2 c?^^^^^ 

J: «9 5 fc ft , ^ttH co3fSffip° n W4:i£T S ^ 
/c ft , ff^ffiS^*!- J: 0 »f^««E«r^*fc<B:i*-e # 

So 

[ 0 0 3 2] 3 i^^3ffls:36«ioa!t5fi*ffi 

triliRW t^fig* £ -fr 3 Ig t , SS 1 *'iSH ^ 7 v K«.co 
_hCIn s G a , - s N £ «9 ft § ^tt^ SrilKtt ^ 

W ( - fiK * ^t^I S t * M x. T v > s 0 
[oo33] i3 ^^gf^it^tas £ , I 

n G a N J; 9 ft SfSi^if ^^MP^COH 3 ^^flsCOSSiog 

Sc^ft< I nfiotefiS:**:^ <"e#So Sffi± 

coaspcoTisi v ^ 9 ps^ s iitc.mm-m±m ^m^z 

So 

[ 0 0 3 4] |g 3 co*3|c#:«»co»iifi^fe*i, -7 x ^ /<: 
^->^ r >x^/ bxj/fy^i DK^i-Sn^lcJ; 
Sll«IIM^>^^ hJlSr«tHS-^5XSSrSfet 

mitmmvG a Ny^^^iSSuft^w^^^^H 

[ 0 0 3 5] * 1 ~m 3 C0^*flES«^jS5fi*ffi«, » 

p m ^> h bft/p bin mmkm&$t& 

S !9 H in BiafkttJ; ^ ft^, P M^>^^ mi 
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9 

co J: o M-ra 8Jia*2^BWdS]Sj5fc*^ p "M^>- 
[0 0 3 6 ] 1 CD*-3|Eft:*ffiCDjSl5S*jSfe 

-<tm i £>kkm*5«- 5 * ^ — >-<obi p asx 

trtJEBB P 8B<DJH»S|5 tcitjfts s J: 5 IdjS* $ its r t <t 
9. Kl oSS_b{c^*)i J; 19 ft 5 jg 2 ^Si^K 
■f 5 IS i Srfl! pl'C v ^5 „ 10 
[ 0 0 3 7] » 1 ^^#:^«co®3t^i- J; 5 t , -v 

* ^ / < * - >- ^ m r *b o mi mM -t \z j&m -t 3 t$m 

b a tee: m <o»mt:&t/v irx it 

[ 0 0 3 8 ] *3SK^«5*2^^Sfls:*ffi^»aS^& 

n (njtitcm p bp s»tR*«ffl co-^ * ^ - v & 

9 , * 1 ^)MJ:!-I 2 O^SMWB =t ft 2 COlifi 

[ 0 0 3 9 ] *2 60#3|fls:K1S©»3ft^ffitcJ:-5 < b. 55 
1 C0*K_h{£G aNli '9 ft£S5 1 W^SMMSriS;* * 

* - £^J* LTV^t^, f3>1 O0|g 1 oo 30 
^M3S*&(cJt-<r, G a N^CD^WflEJi J: B ft 2 

co Xfi co P p p H as— Jl fa _hi- 5 o 

[ 0 0 4 0 ] 

m i (Dmm&m m 3 cotr*: rr h \ n soi id 

Films, Vol. 2 3 1 ( 1 9 9 3) pp. 8 - 
4 2J ta*, ftjftftcOJS^^fflV^fetLS^^^^^ 

* Li ^ A t Kl (I n G a A s ) S*£>III - Vift^J^ 
gjftfdte^-C, G a A s J; ■) ftSXIKJlfc: I n G a A s 

a A s *£A SriltKitt fcj** SitS r t {c J: <9 , 

1*5 I n G a As IK*, RlnGaAs MtCfEffi^^A 

[0 0 4 1 ] *|PJlf^£g§ 1 (vmMMWM, ^.cd&Jc 

±('C^f;i4il:^li**TH^ffll/^tL^ G a N^^W 
ftjffi*^*5l^"C, I n^t^tCG a N-^A 1 G a N 
I n fr*4ftV^*flcJ|e»^tt^-^ttj5«>:S < Mft 
SInGaN J; 5 ft 5 *MH**tift Srfifc* S ^ 5 SRf^ I 
n G a Ng,f R SrSfi^fe m All ^ J; 5 tC38W»t-fiKfi: S 50 
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[0 0 4 2] 1 co^ft^Hi'do^THI 

[0043] hi f±» i (Dummm^^^m^m^. 

fl, *"«I^JR*tBfi8;ft (MOVPE) ffic£rfl!v> 

T\ ±ffitCfl!lDB*lfil<OB^ 10 M mfl/StOdiSP 1 1 a £ 

tt^t7r^7 (A 1 2 0 :) ) i!J4SSffil 1A« 

ISt^Si^fcoT, III mmtmt LTCOA l y G 
a,- y N ({ILL, ytt0^y^ltt5 B J^T, i«J»^ 
i"5 0 ) J: <9 ft 5 IS l to¥#ff)l 1 2 A SrfiK* Siir, M 
^T, |g 1 (O^^flcJi 1 2 A_bK. In, G a i - « NJ: ^ 
ft 6 ^ 2 C0^2»*J1 1 3 Srfifefi S « D ^ J: l 9 , m 
m 1 1 A<Z>t&ffl5 1 1 a ©ffiI±M4Lfc» 1 C0^»flc 
112a XtJ«mi: LfcH 2 £7^^ff)l 13a«t(9ftSft 

[0044] ^mmmwA^ t&t, mi o^mfcm 1 2 

A ^ 1ft^»[^Rft 5InGaNi5 ft 5 » 2 <D¥&# 

Ml 3/p\ a«05fifcft*-j£fiOJ: ? i-¥±Bft^«®(--« 

{CJ$St~5G0T*f3ft< , 111 lA^fiSl 1 aCOfflM 
{Cfift*Lic<^4>ft:tt, fClMl l a^llra^tJ^ 

las i i a *i»<*«©, sffiffii-^pffftffi^atRMt-ric; 

-Mi-t&o t<D^^ f^(D I n G a N J: 9 ftSBDALfc 
y 0 2 GO^iKWi I3alt IB vt"jfe« s 10^ mS«<0»/J^ 
I«»Itoti/ } ^ mfirLfc»2CD¥9*fl=Ji l 3 aiC 
(iJlJtft^FWjE^^s— $ii*-fR]tcco^^ffli-ScoT\ l 
1AM nGaNtW|ft«Kffijlft<0|S^eBgi-S^S: 

mmi-z> ^ t , ^(D^m, as* 1 4 a^^h 

S I n G a N^3Bfttt36S|plJi-r5 G 
[0 0 4 5 ] (^1 <n*^SgC0-^^U) H 2 «m 1 

#t>H5 «t 19 ft 5 -Bill f* co irffiffi-^: 
5 0 H2^-rJ:9(-, t^r-fTJ: ftSSfil IB 
co±(c N Xffi^ffii]ffi*iRio(S^ 1 0 AimS*^£b*B 1 2 
bSrttSAl, Ga,- y NJ;^j:5flM«|l 2B 
StUaKI-Sc -^tom> MOVPEftSrffiV^, riWJiM 

1 1 2 B COXlS^^ffitC^fco T A 1 , G a , - y N J: 
ft 5® 1 CO^^ffji j 2 C t , I n, G a 1 - « N «fc «9 ft 

5^2 co^ftH 1 3 £ SrJRUfe^fi S^5 e wtut^ J; 
D , QlW^jaa 1 2 B coibg|3 12b OTSffit iRUffiio 
mS£LfclSlco^fls:Hi 2 c iMLfc»2 0¥St* 

ii 1 3 b ^ j; 9 ft£*M£^Wif£ i 4 B^^sn^o 
[0 0 4 6 ] s £ , m 2 co^mi^m 1 3 

I*, S^^ai-S^CO I n G a NfctA^jSiajgOffi*- 

ft<, *ft5*«^*v^fll«, MMil 2 

B COibSfB 12b ^Tlffi^tJ^g^Mii 1 2 BXOi£h§fi 1 

2 b S:^< ««co, StEffi^Vfi'ftffitcfflSlMtcjai-r 
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So Hot, mKDmmmmtmm^, msz:LfcjB2co- 
¥^frJi i 3 b ^ri^ntcojS^^^^i^^tD^.^ 

t5©t% Kfe HBHnGaNi: (&!?M85fifl%»fc>^ 

$*tb5 I n G a N£0tt*tt^fR]±i-5 o 
[0 0 4 7] Sbl:, 1 1B^$1 £>¥«WI i 2 

C £ CO M |:A1 G a N X «9 ft S fi^^iSJI 1 2 B £:R tt 
t^Sfcfc, Ii«¥Sf*i 2Cteiai^i-Sfi£>¥ 
i 2 a J: g t>»*ft^iRiJz-i--5co-e, 

BUS: Ufc^ 2 tf^SflsJB 1 3 b J; *9 [r] _h S it 10 

[0 0 4 8] ft;fb\ Hi ^^e^^^^^f^JtC^ 
V^r, SSI lACDfig&l 1 a &tJ¥h^?fMJI 1 2BW 

flSB 1 2 b coftijffi^ift w(BSr*t?:#?j 1 o ju m t Lfcri*, 
5 0 m mS«WT-x?*tbtfra«oa*4r#b*LS 0 

[ 0 0 4 9 ] #£|gf5 11a, 12b £)S«M(dH 

Sf*LV\ ZICOJ; 5 £ , » 2 (D^N^fWl 1 3 tf)J& 

ftB#(~ I nJEC^fifflS 1 1 a , 12b 60flJBo^feRi£b*F!3 
11a, 12 b(DTIM-b(-tetfcL^-r< ft3/ctf), li 20 
L/ ? c^2CD^S*ii 1 3 a, 1 3 b CO I nCDffl^Sr^ct 

[ 0 0 5 0 ] (JB 2 <0»ffi»ffi) «T\ 2 CO 

r £ [d J; 9 % jfcfi&ri 5 *^* I n G a N*§AS;#5 n £ £ S 

[0 0 5 1 ] 13 (-tm 2 colti£^llBJc:«S^S»flEoaiafi 

^lt^5 0 [II 3 (c^i-j; 5 £1\ 0!lx_fi\ MO 30 
V P E feSrffi i/^Tt77-f 7J; U ft 5 £fi 2 1 _h(d<£jl] 
(CAl y Ga,-, Nj;!Jft5TJfti2 2*fit**-fr, ^ 
Tfl&Ji 2 2 £7)_hfdH qg]5<affltf s 1 0 /z mSftCO^ 
y (SiO. ) fflSJ: 19 ft5-^^>? — >2 3 

S:«filt5a W*. MOVPEftfcffl^T, TifiW2 2- 

Ga,., NJ;^§ll(D#ift:l24H ii s Ga 

NJ; 9ft6fg2(D^Sf«i2 5 
fi£-ti:3 D mt-J;^, ai<0¥#WB24X.tf»2<z> 
¥^F#J1 2 5 J; 9 ft 5 #01 f$ 2 6 tm$L £ n 5 0 40 

[ 0 0 5 2 ] #5li67B1£K J; <3 , 11 co^W-ff Jl 2 4 
^ Tmm 2 2©±ffil:MJHfc^^^>'^ w ->'2 3 
ooBI P SB^iBWM ^fifcS-T Srtlc J; 9 ^ 2 2 co 

[d, I n G a N J; 9 ft 2 cO^^-f$/f 2 5 11 ffi \M£ 
# 1 0 /.i mSffico«/h«dtj6^£ffi 2 1 ?j>b'M±L UTfifcfi 
1- 5 * , ric«B#^)JCS* iS— tt^lRl td i- 5 <D 

T% -J£« 2 1 i I n GaNi ^»JK3Bffi»wM^ieiai- 
£ ^ Srl&W-f 5 C: t ^ "C* x I n G a N coftfitt^ ft 
±t^)o 50 
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[ 0 0 5 3] * fc, Kffi 2 UrJd A 1 G a N J: *) ft -5 T 
JfeJI 2 2 SrJBfiS: LtV^t^, |g 2 <D*£%HfcM 2 5 (75 I 
ii G a N<7)JSStt«<t-!9 lS*(-^]Jri-^ Q 

[ 0 0 5 4] ft3b\ -r;*^/^ — >-2 3 te. 

ft (si, n, ) fl|-efeottJ:v\ 

[ 0 0 5 5] JKT, I n G a NgS« I n £><&fiS;«:iK^ 

#HB Lft^ ^I^H11-^ 0 1 ^*JE?BlifiJlTJ«*<o*®ffil 

[0 0 5 6] B4ttInGaNJ;*) ttSSS 2 ^4^*il 
f5 0 H 4 t-^tJ: 5 I'd, M 2 (D^^ffjl 2 5 

ff ft^FtM S H^1"V Nfc N S tLft 

i n^com^h wrn^ib i 9 , s i (o^-mwm 2 4 

OffiOffi^ h I n H^AStttk L X < -5 r ^ id X D % ^±JLffi 
-h, 1-ftt?^, iDj^ttoSS 1 co^^^il 2 4 tOlIM-ttd 

sai- ^> 1 n m^oimmnm l , in <dx.^± # 1 ^ 1 

I 11 ^^nfelt x 4: 0 ^ x ^ 1 tJOtSffl-T? plt^ftP^ l 9 1 [ciifi 
[0 0 5 7] ^t, roinGaN«tl3/j:SffS2 (D^m 

»m 2 s ^^teJltd^v^T^7 I c:lS^^^-r^ t % r^rs 

(d J: 15 »^«iSftS:*:iB^ffi«i-S ^ i: ^T-§r 6 0 -t<^» 

[ 0 0 5 8] ftto, Stras<o«3 coBftScSrtfeftl-'Lfca*^:, 
£*brt: I n G a N J: «9 ft 5 B 2 <D*£M#m 2 5 

S h5 r ^ ft < ffl#l«Ji:jeJL±^)?!cft-*-5 w ^ *s nfffi-Cfc 

[ 0 0 5 9] ftjb\ ft 1 2 ©HJte^UgiDcJ: 5 id, 

I n cojajifc^^c^ v^^frjf I n cofetfetd J: (9 

lftroWrB5mt^«r*"?B«Xtt^®tt t d. t ^sjff* L 

[0 0 6 0] *fc, »2 0*tt»flBf±. ^CO^j&JI^ 
ft ^rffi v > XWJtm^ SrSlit-t- 5 f-JKT td*^^ * * ft 

[0 0 6 1 ] ^i", ® 4 OSfcS: TA p p 1 i e d P h 
y s i c ■ s Letters, Vol. 68 (19 9 
6) pp. 976-978J tdfrl ~7 y ^ T X D ft £ 
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«* mumcG a N J: 9 &5¥*#JB£^*i-5;frfea s 

^^■jgj* ffifflj p flax u 5 n in (o mmm & m^t & 

[0 0 6 2] -tbi-^LT, » 2 ^^^"m, 
f3\ Ti : lHil2 2^r^>^^ hJi«ti~Si:, -<?xps<#— 10 

[ 0 0 6 3 ] Sfifl^ay^^ NJBSrBttHS^S 

[ 0 0 6 4] (S3 ff>3HfiJgffi) HT, #3693 CO* 3 CO 20 

n ffi m m \ c o v n r in ffi & # L**s^«iwi-5 0 * m m 

^->l-ct9 G a N*«**fig*£ii:£:frfe&ffl^TG 

a N «£ 9 * 5 ^ffMi" 5 0 

[0065] il] 5 (a) - (c) RtfEl 6(a), 
( b ) flffl 3 co^ftJF2ffi^ 5 ¥»fr*«co*ifi:fr&K> 

XSIBco»fffi»«Sr^LT^S 0 £i\ 15 (a) \z.tf 

Irk vie, MOVPEMIt>tt77^7J: 

*3KR3 1 Jz^ffi^G aNJJ 45T*« 3 2 * 
J&S^-tt, y C<D^ y T^ii 3 2 CDi:(£Kng|5<E"Ha s 1 0 30 

ffi(^(t^^^/^-y3 3£>MpSPU:G a Nj; «9ft 
3 4 Sr3KR«KcdlJS$ii:S 0 

[ 0 0 6 6 ] 1115 (b) (ctfI-J: 9 tc, S&t-, 
ii 3 4 Sr-e x^^-y3 3 com p ffl(75 jaSkBBJc fcjEjG* 
5 ct o ^j**£ii:rt:«L 15 ( c ) tc^i-J: 5 Sfi 
3 1, T«fi»3 2^tJ<-7^^^^">3 3S:ttt««j^W 
liLTG a N J: 3 4A^#5 0 

[ 0 0 6 7 ] ^¥-f*Stl3 4 ACOftiiCOfTx^liiL^F 40 

ftibt, III 6 ( a ) [citfI-J; ^^^^-V3 
3«:7s/K»*»fltSrfflv>"C|»^L, 16 
(b) I:^t«t5l^ Kffi3 i <5D±{$:t<:W * p^7' 
Ua> («#«&§«]) *^iTTtt!i 3 2 £ 
S3 4 t^ggttSBir^WI-t-S^t^cto-C, ^*f**« 
3 4 A^:^r fc"e^5 0 

[0068] ^$mMmzx. 6 1 , T«sa 3 2 MjfcNsas 

ffclSfcifr&k:, :o^|(iSS3 l ©_b*lcH*fti-5 0 
tot, — >3 3w|IBp*Pjaa^j5S;fi-f-5^ 

8JfWi 3 4 fl-^^TiljtC-v^ ^ ^7-y3 3 flS#aEl-5 50 
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C0T\ — V 3 3/jS^PfeCO.X hy^-fciC 

5 0 

[ 0 0 6 9] ft*5, TJII3 2te£v^f±ftWA Sua* 

Lfc«t5^ ^13 4^Jte*ttSrittfe«(c{i, rco 
[ 0 0 7 0] (m 4 <o*t6?Bjffi) WT, 4 

[0071] i7 «»4 (ommmm^^^mi^mm: 

|7(I^tJ:9i^ Si*, MOVPEM'|l/^t7 7 
-TTJ: 9 TS^StE 4 1 ±-(-c^Hn^A l r Ga,. r NctD 

|P3oi^l0MmiS(/)S iO s Bti'JftS^^ 

TifeW4 2<o±MfcteftZ>^*? — >4 3cogi 
P#P(c N Al, Ga,, NJ;t)JS5**it:l4 4S:aK 

^7 p^v^ i?^c-yu^^4, ->r> A (Cp 2 Mg) ^?'^^r 

4 1 & . ^3»frJB 4 4 CO_btC A 1 y 

G a ! .. j N J: D * 5 p 1^=1^^: f*il 4 5 &m%imcf&%: $ 

[ 0 0 7 2 ] pl^tl$l4 5 Srffiffifei-fbi-S 

BfrCfL 8E p M^ffJI 4 5 cD^gB#C0 Cp s M g 13* 
co i3* ftt#&**r*B*P S -tirT p 4 5 ^ COM g co 

*&f 5^, p 4 5 cr)»a*ffi^S-3im, M g 

[0 0 7 3 ] L^L*j&s-fc % *:||lte?Kffi^J:5t, 17 
(c^-T «t 5 \c , p M K— ^ - > h COM g B-^^^flsJi 4 

4«Dflijffi^R*?i&*ix^< < . ^(Dft, mmm^wnte 

C p , Mg SrifiiHJ Lfe < T 1> . M g (O* 
[0 0 7 4] got, ^©IJWfiCJ; 9 , \^mH<D p 

fflj ± & H 6 co r* , T- 60 ftl tt S: !«I ± £ iir 5 n t ^ "C 
[ 0 0 7 5 ] ^jb% 1 7 td^i" j; 9 JC, ^S*g 4 4 CO 

K«tB«-Sli:**fS^rrffi»4***^4ftX(±^tti:i- 
5^tW*U\ -co<^: 5t-i"St, MgJH^s^* 

J14 5C0Mg coMit^J: ^ift^i-f* < 
[0 0 7 6 ] fiiJK*ft05¥3l*iB4 4 fr-^^^^^ 
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SPSrRWTt J:<, ifc, T»Ji 4 2 Hi *<;iiaffl5S:»tt 
[0 0 7 7] ffi 5 C03gJ6fl5«g) i^Ts **93fiO* 5 CO 

Hi*®* f-o^ x HB «:#fl8 U ft ifi feRflt 5 0 

[0 0 7 8 ] III 8 fifj? 5 CDHtfi?g*^«S**fr3S«T* 

-LI- li. fiia-C/S;* LfcGaNJ: 19 ft 5 ffiifl'* ^ ^ r M 10 

52t, n H IG a N J: D ft 3 n!B=i hJI 5 3 t 

5 1 ftij^fedite, n H a N J: t> 45^^771 5 4 

nlAl,,, Ga, s NitlftSni^^yKlS 
5 i: , GaNiDftSfl (DjtiS-l Vm 5 6 t, In 
..so G a o . s o N J; 0 ftSMi^f-^FiStt* 57h G a 
N J: '-9 ft 515 2 <n%j3s( vm 5 8 plAl,,, Ga 
o. 9 N±5 46pi^7yKl59^, p' iGaNi 
^45pl^7^^ hJ!6 0 tmm£tlX\;^& 0 20 
[ 0 0 7 9 ] p !□ ^- H 6 0 WiffiCliN i / A 
uJ:!9&5pffltS6 nM=>>^ hJI 

5 3 CD_hf5^«T i /A 1 J: ^9 ft <5 n Mfettt 6 2 

[0 0 8 0 ] J^T, itulE^ «t 5 
co»5t*-ifero|^ftl*c:ov^T|giB Sr#flg Lft^ e>«&9l1- 

[0081] [H 9 (a) - ( d ) 25ltJ<EI 10 ( a ) - 

( c ) n^mt/mm^^Hmmmommifm^Jim 

M<oWrWMf& LTV^ 0 * T\ f77^T ct *9 ft £ 30 
9o ^r^m\ »tfcS65 llrMOVPEif (IUtf; 
*i-5o S/SJPrtSrBE*^ 7 0 T o r r cotMs 

1 Sr*P«iL,*ffiO^ y - = >-^Sr 1 B^SSfrft 5 0 

[ 0 0 8 2 ] H9 (a) t^iT J: 5 SJ£jF& 

^5 0 0 c C[^t*SLfcfi Sg5 1_LK N m&SL& 

2 m m o 1 /m i n <D h D /> D r > A (TMG ) 

ts Mm/p2. 5 L/mi n.^T>^r^T (NH, ) 40 

, 2 L/m i n CO ^ U Tzk* t Sr|HB# 

tdfit^l- 5 -1 J: *9 , J? £ 5 0 n mCO G a N «fc *3 
4^fi^> >7 7 7 i 5 2 MI ^ t>5 0 1K^"C\ RJSJF 
Srtt 1 0 0 0°Cic^-e#?IS.L, nl K-^> h £ Lt(?) 

>- ( S i H, ) 5 1 ±.[c is fb L 

T\ ffirly^ J^77l 5 2 COiiffiUJ? £ flSfa 3 m mt S i 
^#6*«JS 3&S 1 X l 0 1 " c m" 'Onla^^ h if 5 3 

[ 0 0 8 3 ] 19 (b) (CtT^I-J: 5 RJSJFa=» 

fb-Ktl 5 1 SrK 19 a L, nlay^^hl5 3 C0*ffi* 50 
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5 KDJiJ^ffi^^fcoTflCSdSJ&O. 1 MmOS i O 
a J: *9ft5-^^^J[^jjS7 1 4r*iaf*i±-5c 
[ 0 0 8 4] 2fc(e: % IH 9 (c) d^-f- J; 9 * 

7^hyy^77>fisfefcffl^ Ru-^hmjcs 

V^COMBB^ 3 0 0 ^ m-C^r^b'F^lCOM Piffle 10m ml 

->7 2HMt^ ffiL, rr"Cf±Blffi^*^±, III 
^i-5BBPSB4rlot LT^5 fl fflRJ|>M{^10/i 
mi Lfc^S % 5 ju m/j^ 5 0 ju mf^JJ-CifotUf £ V \ 
[ 0 0 8 5] 19 (d) t-^1-J;9(-. 1/^7 )> 

— > 7 2 ^-^^ t LT-7^^M17 1 WLt 
"7 5/ Sr^ ^ £rf?ft o 
-C^7^M1I7 1 Sr»*1-5 :i(a^ ^h^-f^ 
fg*tcoBBRS|5 7la Sr^ri-S s i o, J; *9 ft^iMRj** 
ffi^^/^-y7 1A^ : M« & ^v>r. 
l^^-> 7 2»it5^i:tcj; ipl/jn 0 m m(D 

^ h7-f7ll:nl^7^^/ hi5 3^f|f;b|i-5 0 

[0086] 8c jc, [111 0 (a) t.c^i" J: 5 (c, -^^^ 
^/-7 7 lA^M^ixfctts 1 SrSSSiSJP^a 

a l . wjtmi-mt.m <o&^ e ^ ^ >- ^ s * 

Ji(C^a»flEjgftS:RKftSiJr5t, ^7^/^-77 1 A 
±(Cft^*^^^SitT(-> ^ — > 7 1 A 
t?5ffiP^7 1 a -hJc»«»(Cj5Rfti-5o -^T% figft-f- 

i*<??HRa5 7 1 a ^mutemmtm^M t ^ & x ?\c 
[0087] ^\f^^-iy^jvm<o^m\^ rjs 

JP : ^^** 1 0 0 0°Cfl^i L. n 1="^^ ^ Ml 5 3 
Az.\ctert%i-??,s/;<# — l/ 7 1 A^BBRSB 7 1a (C, 
S ifltfy 0 . 1 ju mt* S i ^F«i|*«J$?&S 1 X 1 0 1 8 c m" 3 
COn* ^G aNi9 ^S^:y77l5 4 frfiKSSHJrSo 
?gtV>T, Sft5 1..h^hy^f;i/7/^-^A (TM 
a ) fc l ft ri* . V S 0 . 3/i.m-esi ^*6te 

Ig/J^ 1 X 1 0 1 7 c m ^nlAl,., G a 0 . a N±«5 
ft^n^^^^y K*5 5«rfifcfi£ii:5o ttV^T, )?^^ 
^ 6 0 11 mCOG a N J; <9 ft 5f 1 <D%J1 4 KH 5 6 SrJ$ 
fi*^:fc«. ?S.ffS:*?J7 5 0 °C{c^ T^-M Sfe 5 1 
±|^hy / f;i/^y^j'A (TMI) tm.m3?*t&£ 
h tcflt^ bft/^ fcff £ ri* 3 n mCO I no . s 0 G a „ . „ D N J: 

t^KJCJPrtcoajK^Wl 0 0 0 € CJC4T?#ML, ffS^s 

6 0 11 mCO G a N J; 5 ft 6 fif 2 O^jtli A Kil 5 8 SrJsK 
ftS-lirS 0 it^T. piK-^yhtfc$Cp s Mg# 
^ 4- Bfe*S L ft ^ , J? * 3&s» 0 . 3 m m -cm g ^mWrM 

1 X 1 0 1 7 c m a 60 p MA 1 0 . , G a 0 . a N X "9 ft 

6pf^7 y Kil 5 9 SrfiStSSit, ff 

0 . 1m mtM g ^Fn^^fgit^^ 1 X 1 0 1 8 c m a 60 p 
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1G aNJ:045pl3^^M60 «:ja*£-tt:5o 
[0 0 8 8] ftfc, Hil 0 (b) t^i-J;?^ 

ffl V^?xyhx y f> ^ £ frft o rtt? * * '< # - > 
7 1 A&*B&^i-£ a 

[ 0 0 8 9 ] actc 110 (c) t-T^i-j; 5 fc, pl^ 
hJl 6 0^±ffi(-^ h 7<< Z/^CDN i /Au «t ! 9 

ft 5 p Aims 6 1 srjgffe-r ^ o * fc , mm ifcni^ 

^^M53 C0±SldT i / A 1 ±!)ft5ii MIES 6 2 

7 o %coffijxlt=i— h «rlfi"f- 0 

[0 0 9 0] ft:|a\ *?*#s<? — > 7 1 AMKMLv"!; =3 

[ 0 0 9. l ] #HKS®1l§fc:«§ G a N^(7?^**3S3tK 

[0 0 9 2] Sit, In. Ga,., Ni^/^^M^ 
#Ffg-ftJI 5 7 fit, mK 5 1 j&» ffllSC LT*3 «9 2 JJctcW 

n <7?iarictt; x 1 |c:fi<3(t5r i 3cOT\ 

[0 0 9 3 ] In x Ga,., N J: t) £ 31*^ 

*SS « ©«f»R * WSJ -e# S wftBH* 4: *: £ < 

[0 0 9 4] pi=>^^hl6 IRfi 

[ 0 0 9 5 ] I4t, mHi^L-&m<0^r^^y<^ — ^7 I 

-\t b tl Z> it tf> , n ffltS 6 2^1 \Zffij$rQ # 5 „ 

^S^SSt^^-rBWJ L/c J; 5 nlay^^M 5 
3SraHiJ*-ti:S^f±, pS=» Vj? ^ hJi 6 0 coSffi^fe 

»fcft£ 0 Itiratt, ^HiiS^fC^^Tfi, p 

Ml 6 0 SrHttlSiirS^o-fe^dSffi^-C^S 
<hft6 D z.<Dfz#>, ffiSign^ MMS«U ^b(C^ : y^ 

[ 0 0 9 6 ] 6 <Z>*K#11) KT, #*SH<0» 6 CO 

mmmm^^xmrn^mmv^hmm-r^o 

l 0 0 9 7 ] El 1 1 t±SS 6 co ^ft^SiJc^ 5 
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tRtotCjjc* LfcnlGaNJ;!) ft 5 * l> 7 7Tfc£>i&ffl5 
TgfifcJl 8 0 <D±.iCj&1& L T ^ 5 0 

[0098] ar, flttiao J; 3 l-*i5S;S*vfc^af#:3Sll 
cofflHt cd B^A o v > T [H m & # flB L ft a* b K K 1~ 

[ 0 0 9 9 ] 112 ( a ) - ( d ) R'Cfm 13 ( a ) ~ 

ji[IcoiT-®#*j5fe^r^L-cv^6c 112 (a) itCTjkirXo 
t, t^T-^TJ: I? ^6115 K^L-CBf^ 

^-^fTftofcm, MOVPEif (E^i*) <DKJ& 

j?lcM5 1 SrKA-t-5 0 M5 l t7?*ffiK)JpJR^ y - 
> y & ft ft o fc » , ff 5 w SlJte^fig (^Lfci;5^, 

hil 5 3S:JiH»:*«*-frS« ^c?^fi, lfi5 1 

5 3 ©±l^ffi^fefcotS i 0 2 J; «9 ftS-^^^^J* 
20 HI 7 1 &-ifS^^5 0 

[0100] 012 (b) (<c^-f J; b \C * b y 

ni/^F/^->7 2M.L, -frO«, 012 

(c) ('CtjM-J: 0 (-1, l/^hy^-y7 2^^^^ 
LT, ^ x >jr 7 1 /J^ b»«fi£ftffl ^11 P U 7 1 a 

Srtt5v^^^-y7 1 A^rff^jc-r^o 
[0 10 1] 012 (d) td^i-J; nl^ 

V^^ 7 hil 5 Z\Z-teWZ>^*? 1/7 1 A<OB|q.S|5 
7 1a flfS^Sft 1 y m-eS i ^F#E*«S35 S 1X10 
30 ! 8 c m* 3 CO n^Orili^-B^cJi 8 0 SrJiWKl^fiR* 

6 „ Utt), ^cft-t 5 ilh^iSjl 8 0 tCdo it 5 5 

1 {ciiii:-r\i.o^ by-! ^\k<nm n«B 7 l a (-c^Eft Bf 
®?f^«/j^^ ^ ft 5 J; 5 ^*a«*co^n ir^^tr 

[0102] 013 ( a ) ^^i" J: 9 [£h^^ 

Jvjtil 8 0 3&sj*ft LfcSffi 5 1 i? j±i L, ^ 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an InGaN crystal having excellent crystallinity 
even when the composition of In is increased, by forming an island-shaped laminated 
body composed of a first semiconductor layer and a second semiconductor layer on 
the top face of the protruding part of a substrate. 

SOLUTION: A second semiconductor layer 13 composed of InGaN having a lattice 
constant different from that of a first semiconductor layer 12A is selectively grown on 
a plane parallel to the substrate plane in a region excluding the top face of a protruding 
part 11a and the protruding part 11a, as it is not easily grown on the side planes of the 
protruding part 1 1a of the substrate 11 A, unlike the normal growing method wherein 
the layer is uniformly grown on the flat substrate plane. As a result, an isolated second 
semiconductor layer 13a composed of desired InGaN grows in a minute region having a 
width of approximately 10 jam, stress during the growth is operated to the isolated 
second semiconductor layer 13a only in a uniaxial direction, distortion due to a 
difference between the thermal expansion coefficients of the substrate 1 1 A and InGaN 
can be reduced, resulting in improving the crystallinity of the InGaN included in a 
laminated body 14A. 
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